In order to measure plasma or serum concentrations of 19-nortestosterone (nandrolone), a radioimmunoassay has been developed using C7-tritium labelled nandrolone and antisera raised against nandrolone 3-(O-carboxymethyl)oxime-albumin. Because these antisera displayed considerable cross-reactions towards testosterone, 5a-dihydrotestosterone and 5a-dihydronandrolone, it proved to be necessary to separate nandrolone from these cross-reacting steroids prior to the radio-immunoassay. Using Celite/ethylene glycol columns a complete Separation could be achieved between nandrolone and these cross-reacting steroids. The assay procedure involved extraction with ethyl acetate, chromatography on Celite/ethylene glycol columns, overnight incubation of samples and Standards with antiserum and labelled compound, bound/free Separation with dextran-coated charcoal and counting of the supernatant in a liquid scintillation counter.
Introductipn
compound has been developed. Antisera were raised In order to measure plasma or serum concentrations against conjugates of bovine serum albumin with of 19-nortestosterone (nandrolone), which is widely nandrolone 3-(O-carboxymethyl)oxime and llaused therapeutigally, a radio-immunoassay for this hydroxy-nandrolone 11-hemisuccinate, based on previous studies on the specificity of antisera against testosterone-albumin conjugates (1) . Considerable cross-reactions, however, were found towards testosterone, dihydrotestosterone and dihydronandrolone. Therefore, nandrolone was separated from these cross-reacting compounds on Celite/ethylene glycol columns prior to the radio-immunoassay procedure. The specificity, recovery, sensitivity and reproducibility of the assay are discussed. A summary of this work has been published earlier (2) .
Materials and Methods

Reagents
Testosterone; 17ß-hydroxy-19-nor-4-androsten-3-one (nandrolone); androst-4-ene-3,17-dione; 17a-hydroxy-androst-4-en-3-one (epitestosterone); 3ß-hydroxy-androst-5-en-17-one (dehydroepiandrosterone); androst-5-ene-3ß,17ß-diol; 17ß-hydroxy5a-androstan-3-one (dihydrotestosterone); 17ß-hydroxy-5a-androstane-3a,17ß-diol; 5a-androstane-3ß,17ß-diol were from Diosynth International B,V., Oss. Oestr-4-ene-3,17-dione; oestr-5-ene-3ß,17ß-diol; 17ß-hydroxy-5a-oestran-3-one; 5ß-oestrane3a,17ß-diol; 5a-oestrane-3ß,17ß-diol were synthesized by Mr. J.
S. Favier and M. A. J. van den Broek in the Organon Research
Laboratories at Oss, the Netherlands. H]Nandrolone (specific activity 1.07 TBq/mmol) was prepared at the Radiochemical Centre, Amersham, U.K. Bovine serum albumin, Cohn fraction V, was from Armour, Eastbourne, U.K.; Norit A was from Sigma Chemical Co., St. Louis, Mo., USA; Dextran T-70 was obtained from Pharmacia Fine Chemicals Ltd., Uppsala, Sweden; Celite (Analytical Filter Aid) was from BDH Chemicals Ltd., Poole, Dorset, U.K.
Isooctane (analytical grade), ethyl acetate (analytical grade), ethylene glycol (analytical grade), were from Merck, Darmstadt, Germany. These solvents were used without further purification. Insta-gel was from Packard Instruments Co.
Assay buffer
The buffer used throughout the assay was a 0.02 mol/1 sodium phosphate buffer pH 7.0 containing 0.02 mol/1 sodium Chloride, 0.005 mol/1 ethylene diamine tetraacetate disodium sah, 0.1 g/l merthiolate and 0.15 mmol/1 bovine serum albumin.
Preparation of nandrolone-bovine serum albumin conjugates Nandrolone 3-(O-carboxymethyl)oxime and lla-hydroxy-nandrolone 11-hemisuccinate were synthesized by Mr. N. P. van Vliet in the Organon Research Laboratories at Oss. This synthesis was similar to that reported for testosterone (1).
Nandrolone-bovine serum albumin conjugates were prepared according to a modification of the mixed anhydride method of Erlanger (3), using 59 mol of steroid per mol of bovine serum albumin. The number of steroid residues per bovine serum albumin molecule was estimated either spectrophotometrically or by amino-group determination with trinitrobenzene sulphonic acid (4).
Preparation of antisera against nandrolone-bovine serum albumin conjugates Antisera against nandrolone-bovine serum albumin conjugates were prepared in rabbits by three intramuscular injections with 0.25 mg immunogen in complete (Ist injection) and incomplete (subsequent injections) Freund 1 * a dj u van t at 14-day intervals, followed two weeks after the last injection by an intravenous booster dose of 0.25 mg of the immunogen in physiological saline.
Another booster dose was given four weeks after the second booster injection. If the titre was too low a third booster dose was given four weeks after the previous one.
Extraction of plasma or serum samples Plasma or serum samples (l ml) were diluted with l ml assay buffer, followed by addition of 4 ml ethyl acetate. After mixing, the ethyl acetate (upper) phase was separated by centrifugation (l min; 4900 N/kg) and transferred to siliconized conical test tubes. This extraction step was repeated and the combined ethyl acetate extracts evaporated in a waterbath at 25 °C under nitrogen. After evaporation the wäll of each tube was rinsed with l ml isooctane and dried again under nitrogen. All extractions were performed in duplicate.
Celite column chromatography
Pretreatment of the Celite
Prior to use, the Celite was stirred with 5 volumes 6 mol/1 HC1 for 24 h (5). The very fine particles and excess of HC1 were removed by washing the Celite with 5 volumes distilled water and decantation of the supernatants. This washing procedure was repeated three times. Subsequently, the Celite was washed with distilled water on a Büchner filter until a pH of 6-^8 was reached. This was followed by washings with ethanol and ethyl acetate respectively. Finally, the Celite was sucked to dryness and heated overnight in an oven at 600 °C. The activated Celite could then be stored at room temperature for an unlimited period of time.
Preparations of Celite/ethylene glycol columns
The activated Celite was mixed with ethylene glycol (2 4-l by weight) in a mortar until a homogeneous mixture was obtained. Because this Celite/ethylene glycol mixture is hygroscopic, the mixture was stored in a desiccator over phosphorus pentoxide for at the most one week.
Five^ml disposable graduated pipettes were'siliconized and tightly packed with the Celite/ethylene glycol fnixture to a height oi 5.5 cm. About 0.8 g of this mixture was used per columii. The packed columns were washed with 3 ml isooctane to ensure uniformity and to clear air bubbles from the columns.
Chromatography of serum or plasma extracts
The dry residues of the ethyl acetate extraction were dissolved in 200 isooctane and transferred to the Celite/ethylene glycol columns. The test tubes were rinsed three times with 200 isooctane, which was also transferred to the columns. The columns, with samples applied, were then washed with 21.4 ml of a mixture of l ml ethyl acetate and 99 ml isooctane. In this fraction both dihydrotestosterone (1^10 ml) and. testosterone (11-21.4 ml) were eluted. Subsequently, nandrolone was eluted with 6 ml of a mixture of 10 ml ethyl acetate and 90 ml isooctane and this fraction collected in siliconized conical test tubes. The nandrolone fraction was evaporated in a waterbath at 25 °C under nitrogen. The tube walls were rinsed with l ml isooctane, which was also evaporated to dryness. The dry residues were dissolved in assay buffer by shaking, incubation for 15 min in a waterbath at 40 °C and shaking again.
Radio-immunoassay procedure
Serial düutions of samples and Standard (ränge: 0.04-3.65 nmol/1) were prepared in triplicate with a Dilumatik (Braun, Melsungen, West Germany) followed by the addition of antiserum and label with a Hamilton repeating dispenser.
The following reagents were pipetted into radio-immunoassay and incubated for 16 h at room temperature.
Bound/free Separation was accomplished by incubation with l ml dextran-coated charcoal Suspension, containing 0.5 g Norit A and 0.05 g Dextran T40 per liter assay buffer (without bovine serum albumin), for 15 min at room temperature. After this incubation the tubes were centrifuged for 10 min at 19600 N/kg. An aliquot of 1.0 ml of the supernatant was then mixed with 9.0 ml Instagel and counted in a Liquid Scintillation Spectrometer, model 3375 (Packard), with a tritium efficiency of 30%. Background counts were subtracted automatically.
The results were calculated äs described earlier (1).
Results
Specificity of antisera
In order to obtain specific antisera, nandrolone 3-(O-carboxymethyl)oxime and lla-hydroxy-nandrolone 11-hemisuccinate were coupled to bovine serum albumin. Coupling via C3 and Cll was chosen on the basis of results obtained with testosterone antisera (1). Cross-reactions towards related steroids are given in table 1. These cross-reactions were measured according to Abraham (6) for one antiserum against lla-hydroxy-nandrolone 11-hemisuccinate conjugate and two antisera against nandrolone 3-(Ocarboxymethyl)oxime conjugate. All antisera gave cross-reactions with testosterone, dihydrotestosterone and dihydronändrolone. There was not much difference in spedficity between the two types of antisera, especially with regard to their cross-reactions towards testosterone. For this reason, and in view of its titre, the antiserum against the oxime conjugate (R130-T) was chosen for further experiments.
Separation of nandrolone and cross-reacting steroids
As the nandrolone antisera displayed considerable cross-reactivity towards testosterone, dihydrotestosterone and dihydronandrolone, a Separation
Step between nandrolone and these cross^reacting steroids was essential. For this Separation
Step Celite eolumns with ethylene glycol äs a mobile phase were used. Elution was performed with isooctane/ethyl acetate. Tritiated nandrolone and testosterone were used to monitor this Separation. The Separation between nandrolone and testosterone proved to be markediy affected by the humidity of the column mixture, äs Increasing percentages ethyl acetate in the elution solvent proved to accelerate the elution of both testosterone and nandrolone. At the same time, however, an increasing overlap was observed between these two fractions.
A complete Separation could be achieved with a column mixture stored in a desiccator over phosphorus pentoxide and elution with a mixture of l ml ethyl acetate and 99 ml isooctane.
The elution volume of nandrolone could be reduced considerably by using a higher ethyl acetate concentration. In the final assay System therefore the testosterone fraction was collected first, followed by a subsequent elution of the nandrolone fraction with a mixture of 10 ml ethyl acetate and 90 ml isooctane.
The adequacy of the Separation step was checked by assaying l ml of a mixture of the main cross-reacting compounds in buffer, containing 69.4 pmol testosterone, 69.0 pmol dihydrotestosterone and 72.5 pmol dihydronandrolone. In the nandrolone fraction an amount of steroid corresponding to 2.7 pmol nandrolone was found, which means that only 1.25% of the cross-reacting steroids was eluted in the nandrolone fractions.
Recovery
The recovery of the extraction was checked by adding various amounts of both tritiated and unlabelled nandrolone to buffer. As can be seen from the results of table 2 the recoveries were almost quantitative. Tritiated nandrolone was also added to plasma. After extraction and counting, the fraction of added tritiated nandrolone was 1.01.
Tab. 2. Recovery of tritiated and unlabelled nandrolone from buffer and plasma after extraction. The recovery of the whole test procedure was, in the first instance, tested with tritiated nandrolone dissolved in assay buffer. For a sample determined in sixfold, the mean value of the fraction recovered was 0.87 (see tab. 3). More or less the same experiment was performed with unlabelled nandrolone added to assay buffer in a concentration of 3.65 nrnol/1. As is shown from Reproducibility
Bound/free Separation
Firstly the reproducibility of the radio-immunoassay part f the assay was checked. The bound/free Separation step was found to play an important role in this respect. Optimal conditions for this Separation step were assessed by investigating the effect of both incubatiori time and Norit A concfehtr tion.
As can be seen from table 5 there is a clear decrease in maximum binding (Bö) at longer incubation times with the highest concentrations of Norit A. At the lowest Norit A concentration the BÖ values remained more or less constant. The non-specific non-binding (B g ) of dextran coated charcoal diminished at longer incubation times and was inversely related to the dextran coated charcoal concentration. The precision, expressed äs Standard deviation (SD) of the BÖ values, ranged from 1-7%. For the final dextran coated charcoal System a concentration of 0.5 g/1 and an incubation time of 10 min were chosen, äs under these conditions a rather high BÖ value was accompanied with a low B g value and a low Standard deviation. Tab 
Temperature
The temperature at which the samples are evaporated and dissolved in assay buffer after column chromatography was found to affect not only the percentage recovery but also the precision of the assay procedure. Artificial samples were prepared consisting of tritiated nandrolone in ethyl acetate/isooc-? tane. The samples were evaporated under nitfogen and dissolved in assay buffer both at 25 °C and at 40 °C. The resuits are presented in table^6. The highest precision, together with the highest recovery were attained at temperatures of 25 P C/40°C for evaporation/dissolution respectively. Tab. 6. Effect of temperature on recovery and precision.
Sample NosEvaporation Dissolution Recovery (fractiön) ± SD
Within-assay Variation
A value of 9.8% was found for the within-assay coefficient of Variation determined from duplicate measurements of a number of sera from male and female. individuals (n = 114) from clinical studies.
From day to day Variation
The from day to day Variation was derived from values found for a Standard serum (normal human serum to which 3.6 nmol nandrolone per liter was added) determined on 13 different days. For duplicate determinations a from day to day coefficient of Variation of 12.9% was found. 
Discussion
The most specific antisera for testosterone (which differs from nandrolone only at position 19) were obtained by coupling derivatives of the steroid molecule to bovine serum albumin at position 3 or 11. An identical procedure was therefore followed for preparation of nandrolone antisera. However, high crossreactions were observed towards testosterone, dihydrotestosterone and dihydronandrolone for both types of antisera. As the titres of antisera to the 3-oxime coiijugate were, in general, higher than those of antisera to the 11-hemisuccinate conjugate, the former were chosen for further experiments.
Much lower cross-reactivities towards testosterone and dihydrotestosterone have been reported in the literature (7-10) for antisera raised against 3-and 17-derivatives of nandrolone; for one 17-antiserum no cross-reactiori towards testosterone could be detected at all (9) . The radioimmunoassays of nandrolone described in the literature (7) (8) (9) (10) (11) (12) (13) (14) are mainly used to detect unlawful drug use in sporting events, which requires a high specificity and an easy assay performance.
Our aim was to measure nandrolone levels in clinical studies with Durabolin® or Deca-durabolin®, äs well äs the effect öf these compounds on endogenous hormone levels. Therefore, we looked for a suitable Separation technique for nandrolone and the major cross-reacting steroids, which would enable us to measure both nandrolone, testosterone and dihydrotestosterone in the same serum extract.
Separation of nandrolone and testosterone in particular is by no means easy, due to the structural similarity of the two compounds. On the basis of the good results obtained in other steroid radio-immunoassays (15) , Celite/ethylene glycol columns were used for this Separation Step. The Separation between nandrolone and testosterone proved to be markedly affected by the percentage ethyl acetate in the eluent isooctane äs well äs by the humidity of the column mixture. These parameters were therefore rigidly controlled in other experiments. A complete Separation could be achieved with a column mixture dried over phosphorus pentoxide and elution with a mixture of l ml ethyl acetate in 99 ml isooctane, followed by a subsequent elution of the nändrolone fraction with a mixture of 10 ml ethyl acetate in 90 ml isooctane.
The recovery of the test procedure was checked with both tritiated and unlabelled nandrolone. Using tritiated nandrolone, dissolved in assay buffer, we found a recovery (fraction) of 0.87 (n = 6) after extraction and chromatography. Recoveries for unlabelled nandrolone >added to buffer (3.65 nmol/1) äs well äs to plasma (1.82-3.65-7.30-14.60 nmol/1) were between 0.84 and 1.01 (fractions).
With the particular antiserum used the highest sensitivity (read at 80% binding) that could be attained under optimal conditions was 0.2 nmol/1. It may be possible to improve this sensitivity by using radioactive tracers with a higher specific activity. The latter can be accomplished by introduction of a higher number of tritium atoms into the nandrolone molecule (8) or by iodination of nandrolone derivatives (9) .
The assay precision proved to be affected by the temperature at which the samples were evaporated and dissolved in assay buffer. Optimal results were obtained at temperatures of 25 °C and 40 °C respectively. Another improvement of precision was achieved by optimisation of the bounfd/free Separation step with dextrari coated charcoal.
The within-assay precision was derived from duplicate determinations of different plasma samples (n == 114). In this way a within-assay coefficient of Variation of 9.8% was fouiid. The frorn day to day coefficient of Variation was determined by assaying a Standard serum, containing 3.65 nnaol/1 nandrolone, on different days (n = 13). For duplicate determinations a frpm day to day Variation coefficient of 12.9% was found.
Both values are in agreement with results normally found for steroid radio-immunoassays. On the basis of the results presented in this paper we conclude that our radio-immunoassay of nandrolone is stiffiĉ iently specific, sensitive and reproducible to allow adequate measuremeiit of nandrolone in seruin or plasma.
